Chemical context
We have developed an asymmetric protecting-group-free method for the efficient synthesis of alternating -proline oligopeptides utilizing the stereospecific cycloaddition of nonracemic homochiral acrylamides to azomethine ylides (Kudryavtsev et al., 2013 (Kudryavtsev et al., , 2015b . Several members of this novel -peptide class display cell-cycle-directed antiproliferative activity in hormone-refractory prostate cancer cells (Kudryavtsev et al., 2015a,b; 2016) . The preference for the Z configuration of -amide bonds in alternating -proline oligopeptides was explained by interaction between a lone pair of the carbonyl oxygen atom of the -amide group and a vacant * orbital of C " of the methoxycarbonyl groups (Kudryavtsev et al., 2015b) .
Structural commentary
The title compound (Fig. 1) is a chiral dimeric -proline derivative. The central amide fragment C4,C1,N1,C18,O5,C20 ISSN 2056-9890 is planar within 0.1 Å and adopts a Z configuration along the N-CO bond. The Z/E or trans/cis configuration of a peptide bond is assigned by IUPAC rules due to its partial doublebond character (IUPAC-IUB, 1970) . The amino N2 atom is clearly trigonal-pyramidal with C-N-C and C-N-H bond angles varying from 104.4 (4) to 112 (4) . Both pyrrolidine rings possess envelope conformations with flap atoms C3 and C19. These atoms deviate from the basal planes of the envelopes by 0.582 (7) and 0.524 Å , respectively. In contrast to the previously reported structures of -proline oligomers, the flap atoms C3 and C19 are not connected to the amide or carboxylate substituents (see below). Both tolyl groups are almost perpendicular to the pyrrolidine fragments, subtending dihedral angles equal to 84.0 (1) and 75.8 (2) .
Supramolecular features
The title molecule contains seven oxygen atoms suitable for hydrogen bonding. Surprisingly, the only active amino hydrogen atom H11 is not involved in hydrogen bonding. This is the result of steric hindrance by the two bulky -substituents on pyrrolidine ring atom N1. In the crystal, the hydrogen atoms of the methylene groups C3 and C49 form several short intermolecular C-HÁ Á ÁO contacts (Table 1 , Fig. 2 ) with the carbonyl oxygen atoms O4, O5 and O7 of an adjacent molecule ( 1 2 + x, 3 2 À y, 1 À z) with HÁ Á ÁO separations of 2.52, 2.58 and 2.63 Å , respectively. A similar absence of hydrogen bonding has been observed in the structures of closely related -proline trimers and tetramers (Kudryavtsev et al., 2013 (Kudryavtsev et al., , 2015a .
Database survey
The Cambridge database (version 5.39, Aug 2018; Groom et al., 2016) contains 11 structures of -proline oligomers. Among these, three are dimeric (CIKHOV, ILOZOY, and ZUYBUS), three are trimeric [CIKHEL and CIKHIP (Kudryavtsev et al., 2013) and OWALEF (Kudryavtsev et al., 2016) ] and five are tetrameric (XOQDOY and XOQDUE (Kudryavtsev et al., 2015a) , ZUYGUX, ZUYHAE, and ZUYHEI (Kudryavtsev et al., 2015b) ]. In total, these structures comprises 25 pyrrolidine fragments. Interestingly, all 25 pyrrolidine rings adopt envelope conformations with the flap carbon atom bearing linking amide -C( O)N or terminal -CO 2 R groups. Endocyclic carbon atoms with aryl substituents and nitrogen atoms always lie in the basal planes of the proline moieties.
Synthesis and crystallization
The synthesis and spectroscopic data for the title compound have been reported by Kudryavtsev et al. (2016) . The crystal studied was grown by slow evaporation of a methanol solution of the title compound. Table 1 Hydrogen-bond geometry (Å , ). 
Figure 2
Fragment of the crystal packing showing the shortest intermolecular C-HÁ Á ÁO contacts (Table 1) as dashed lines.
Figure 1
Labelling scheme for the title compound. Displacement ellipsoids are shown at 50% probability level. Hydrogen atoms (except amino H11) were omitted for clarity.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . Aromatic H atoms were placed in calculated positions with C-H = 0.95 Å and refined as riding atoms with U iso (H) = 1.2U eq (C). Methyl H atoms were also placed in calculated positions with C-H = 0.98 Å and refined as riding atoms with U iso (H) = 1.5U eq (C) and free rotation about the C-Me bonds. The amino H atom was found from the difference-Fourier synthesis and refined with both positional and thermal parameters. As the oxygen atoms are the heaviest in the structure, the absolute configuration could not be determined reliably from the diffraction data. The absolute configuration of the pyrrolidine stereogenic centres was assigned on the base of known chirality of the l-menthol precursor (Kudryavtsev et al., 2016). 
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R int 0.169 (sin /) max (Å À1 ) 0.596 Refinement R[F 2 > 2(F 2 )], wR(F 2 ), S
4-[(1R,2S,5R)-2-Isopropyl-5-methylcyclohexyl] 2-methyl (2S,4S,5R)-1-[(2S,3R,5R)-5-methoxycarbonyl-2-(2-methylphenyl)pyrrolidine-3-carbonyl]-5-(2-methylphenyl)pyrrolidine-2,4-dicarboxylate
Crystal data Extinction coefficient: 0.0035 (7) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 
Geometric parameters (Å, º)
N1-C18 1.357 (6) C15-H15C 0.9800 N1-C4
1.468 (6) C17-H17A 0.9800 N1-C1
1.475 (6) C17-H17B 0.9800 N2-C19
1.453 (6) C17-H17C 0.9800 N2-C22 1.455 (7) C18-C20 1.501 (7) N2-H11 0.91 (6) C19-C25 1.511 (7) O1-C11
1.331 (6) C19-C20 1.573 (7) O1-C44
1.473 (6) C19-H19 1.0000 O2-C11
1.196 (6) C20-C21 1.538 (7) O3-C16
1.333 (6) C20-H20 1.0000 O3-C17
1.446 (6) C21-C22 1.540 (7) O4-C16
1.213 (6) C21-H21A 0.9900 O5-C18 1.231 (5) C21-H21B 0.9900 O6-C23
1.339 (6) C22-C23 1.505 (7) O6-C24
1.464 (6) C22-H22 1.0000 O7-C23
1.185 (6) C24-H24A 0.9800 C1-C5
1.533 (7) C24-H24B 0.9800 C1-C2
1.550 (6) C24-H24C 0.9800 C1-H1
1.0000 C25-C30 1.399 (7) C2-C11
1.497 (7) C25-C26 1.403 (7) C2-C3
1.511 (7) C26-C27 1.393 (7) C2-H2 
